Abstract: For the sharp shortage of energy today, it is particularly important making full use of renewable resources-wind energy. An accurate prediction requires being made for the power of wind facility, in order to make the power dispatching department prearrange the wind power dispatching plan according to the change of the power, to ensure the safe operation of power grid and power balance. The establishment of a wind power prediction model cannot be only efficient and reasonable utilization of resources, but also can greatly reduce the adverse effect that wind power fluctuation will brings power balance and frequency on power grid regulation.
INTRODUCTION
With the rise of large-scale wind facility, wind energy is increasingly being used to power industry. It also brings a series of problems to the power system, such as voltage, power quality problems and scheduling scheme, especially the unpredictable output power of wind facility brings great difficulty to the operation of power grids. Prediction can not only improve the operation level of the power grid of the wind power output, but also can reduce the consumption of non renewable energy, can improve the economy of power system, and can reduce greenhouse gas emissions. The prediction of wind power starts late in China, not ready fully to work as foreign countries, for example, basic data are not enough for the wind power measuring system needed to prepare, the meteorological information monitoring and the collection techniques are not mature enough for the wind facility, all of these restrict prediction system research and development of wind power. In order to reach the use of wind energy efficient as far as possible, to improve the wind power forecasting accuracy, we have the following problems need to be solved:
The first step: to establish a real-time monitoring of a wind power is given by the model data, here we are using the time series method, the neural network method, the wavelet analysis method, establishing the ARMA model, the model of BP neural network, wavelet analysis model for three different models. On the one hand, the amounts of PA,PB,PC,PD,P4,P58 can be effectively monitored, and can be analyzed its accuracy through comparison with known amounts to calculate the relative prediction errors more than 15% or not, to test the prediction results meeting the relevant requirements of the prediction precision or not. On the other hand, the highest accuracy model is obtained in contrast to the construction of the three kinds of forecasting models, analyzing their advantages and disadvantages respectively. The second step: the universal rule is obtained the wind motor group gathering to the prediction of wind power, through comparison of the relative prediction errors of the single wind turbine power(PA,PB,PC,PD)and the relative errors of the forecast of the multi machine total power (P4,P58), analyzing the wind turbines gathering for the prediction errors influence. The third step: the prediction model of the higher accuracy is obtained further analysis by results. The main factors are analyzed hindering the wind power to further improve the precision of real-time prediction through the established models.
The suitable forecasting model is established making full use of the known conditions. The various nonlinear and discrete should be fully considered in the wind power forecasting, and the given accounts of data not enough should be taken into, because the wind speed has the characteristics of instability, uncertainty, unknown, and there is a great relationship between prediction of the wind speed and the wind power, analysis steps are as follows:
(1) The model is established the approximation change rule of wind power using the known knowledge and contacting the known model;
(2) For pre real-time prediction using the model established, and comparing with the actual values and analyzing the stability; (3) Build two wind power forecasting models using the same method, on the three prediction models established, compare from various aspects of the errors, the accuracies, the qualified rates; (4) Analyze the influence of the grid connected power forecasts generated by the bisection through the comparison of the data obtained; (5) The new model, higher than the three models of Problem One in the accuracy of the proposed, is put forward based on the thought of Problem One because of the important significance of accurate prediction; (6) Analyzing the main factors hindering the wind power to further improve the real-time forecast accuracy in the process of establishing models.
Process the data in the problem analysis at the same time and feedback the questions of the established models from the resulting data.
Symbolic Description
(1) t is time points per day, of which 0 ! t ! 96 (2) p is autoregressive term in time series model (3) q is the moving average term in time series model (4) r1is the accuracy rate of predicting plan curve (5) PMk is the actual average power of the k period (6) PPk is the prediction average power of the k period (7) N is the evaluation of total numbers of day period (take 96 points --free assessment points) (8) Cap is the boot capacity of the wind facility
THE ESTABLISHMENT OF THE ARMA TIME SE-RIES MODEL

Basis of Establishment
By using time series method, a model can be built for not stationary time series and only need to know a single wind speed or power data of the wind facility simply and good in prediction effect, it has been widely used to predict the wind speed and wind power. Time series model can be divided into autoregressive (AR) model, moving average (MA) model, auto regressive moving average (ARMA) model and the autoregressive integrated moving (ARIMA) model. We choose the ARMA time series model by analysis and comparison.
Model Introduction
The ARMA model is an analysis model proposed by America timing statistician G.E.P.Box and British statistician G.M.Jenkins in twentieth Century seventy's, namely autoregressive moving average model (Autoregressive Moving Average Model), time series prediction method for this model is also called the Box Jenkins (B -J) method. The premise of the ARMA model is that the time series of the established model is generated by a stationary random process with a zero mean. That is, the random properties of the process with the invariance of time show all the sample points randomly fluctuate on a horizontal line in the graphs.
ARMA model is a kind of random time series model in common use, which is currently the most commonly used fitting stationary series model. It can be subdivided into three categories such as AR model (Auto Regression Model), MA model (Moving Average Model) and ARMA model (Auto Regression Moving Average Model).
Establishment of Model
With the PA data as an example, establish the model using the data on Seen from Fig. (1) , fluctuation data is not stable time series data related, therefore the data odd transformation and the differential calculation is needed to carry on. 
R E T R A C T E D A R T I C L E
The first-order difference of data, the time point data is obtained as shown in Fig. (2) .
Seen from Fig. (2) , the wind turbine power values always random fluctuations in the vicinity of a constant, and the fluctuation range of bounded, no obvious trend and cycle characteristics, it can be regarded as a stationary sequence and can establish model on the basis of data for further analysis.
We use the SPSS software to draw the correlation diagram further aided recognition; the autocorrelation diagram is shown as in Fig. (3) and Fig. (4) .
Seen from Fig. (3) and (4), we can know that the correlation is trailing using the AR (p) model for the autocorrelation function of the stationary series x(t) to analyze data, and the correlation is truncated using the MA model established by partial autocorrelation function, namely AR (p) model is consistent with the time series analysis method, namely establish AR (p) model taking p value 2.
In the steady model
# on either side of the equals sign with rides t!k x ,"k # 1 , and expectation is:
According to the AR (p) model conditions,
So we can obtain the auto covariance function recursive formula 
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Based on the above formula can be followed by data
By the analysis of SPSS, we obtained as shown in 
Single Day Power Prediction
The sequence data forecasts and finishes in 96 time points of PA 0: 0 on May 31st to 23:45 on May 31st as shown in Table 1 .
The line graph is as shown in 
R E T R A C T E D A R T I C L E
The 
ESTABLISHMENT OF BP NEURAL NETWORK MODEL
Basis of the Establishment Model
The neural network model is more suitable for the establishment because the prediction of the wind facility power is intermittent and volatility. The principle of neural networks is to imitate the structure and the function of the human brain, there are a lot of memory, the original connection topology element formed and strong generalization ability, and it is very effective to deal with nonlinear problems. But the chaos on the predictive power of this unknown more wind power very favorable. Among many neural network models, they are more suitable for this case, such as the BP network, RBF network and the selforganizing network. We also compare and select the feed forward error back propagation network called FFBP (Feed Forward Back Propagation) network.
Introduction of BP Neural Network
As a method of wide application range, BP neural network has the characteristics of nonlinear mapping, parallel processing, adaptive learning, robustness and fault tolerance, especially is suitable for the wind power prediction. A typical BP network is three layered feed forward hierarchical network, namely: the input layer, the hidden layer (middle layer) and the output layer. The full connection is carried out between all layers. The sample input signal inputs from the input layer, the hidden layer after, propagate to the output layer, as shown in Fig. (7) . In fact, it is to realize the mapping function from the input to the book cart, and the nonlinear mapping complex can be carried out with strong self-learning ability, extension and generalization ability etc.
Parameter Setting
Because the wind power has the characteristics of fluctuation, stochastic and intermittent, the input data type and quantity selected is very important in real time power prediction. This paper takes the wind power 15 days before forecast point as input, respectively predict forecast the prediction to 96 time points, i.e. the power data is as input at the same time point 15 days before forecast points, the output power values are as the output by prediction point at this time point. The input layer, the hidden layer and the training function of the output layer, the transfer function, the hidden layer and the output layer node numbers are set as follows: In the neural network setting, we mainly set by the NNTool tool. Matlab7.1 neural network toolbox (Neural Network toolbox) provides an abundant neural network design and an analysis function for the users. Using NNTool in the neural network toolbox to construct a neural network system has the advantages of simple, fast, high precision. From the establishment and the train of the neural network model to the final simulation analysis, the users do not need to write computer programs, the change is simple and easy to modify for the parameters and the models. So, for the setting and the principle of neural network models, we are mainly carried out in Matlab. And in the Fig. (7) . Schematic Diagram of the Neural Network.
R E T R A C T E D A R T I C L E
establishment of the network, we use the GUI tools, graphical user interface (Graphical User Interface, also known as the graphical user interface); it is a computer operation user interface displaying using a graphical means.
The Matlab main interface for the establishment of neural network models is as shown in Fig. (8) .
Neural network creating interface and neural network interface respectively are as shown in Fig. (9) and Fig.  (10) .
After the neural network is created, the weights and the domain values of the network have been initialized. The BP network training sometimes needs to reset the weights and the domain in order to avoid falling into a local optimal value. If the weight and the domain values are reedited, then need to be set in Weights options of the neural network structure. The model weights and threshold setting is as shown in Fig. (11) . 
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Lei and Yuanzhi   Fig. (13) . Training Process Chart.
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Main interface you may enter the training page. Set Training Information and Training Parameters, and click Train Network and begin on the network training. At the same time, you can obtain the network training error curve. After several trainings, the training process charts are shown as the following in Fig. (13): 
Training Process
After the neural network has been created, click on the
Prediction Results and Error Calculation
Because of the historical power, the wind tower data, the history of numerical weather prediction, wind facility turbine information, operation state and topography will generate the influences for the forecast of the wind power, and we use only the historical power as input in the establishment of prediction model, so the errors will inevitably produce.
After a series of training of the neural network, a trained neural network is given. For example, the input of wind power 15 days before May 31st, the wind power forecast May 31st can be obtained. As the following Table 2 :
From the Table 2 data analysis comes to the conclusions that: the neural network prediction results are in the presence of the certain instability, the accuracy rate floating range is larger. The accuracy rate of the maximum is 99.45%; the minimum is only 48.8%.
Error Analysis and Improvement Method
Knowledge based on BP neural network, the analysis for error reasons is: the neural network algorithm is used in the wind power prediction case with a large number of data input, and the training is the decisive causal relationship and the influence between the input data and the output data items desired the input values. And in this model the data input: on the one hand, the amount of data is small, resulting in the insufficient degree of fitting; on the other hand there are not the decisive relationship between data items of the input data and the output expectations values in training. The rate of accuracy is not stable and fluctuation.
In view of the existing problems, put forward the improvement measures for the:
(1) The use of more data input, increasing the sampling days (2) Using the more data items, such as numerical weather prediction, wind around the terrain information, the unit operation information, and the local climate information and so on.
ESTABLISHMENT OF WAVELET ANALYSIS MODEL
Wavelet Transform Introduction
Wavelet analysis has the adjustable time-frequency resolution property, the transient characteristics are extremely useful for the analysis of non-stationary signal, but also it has the speed and precision of signal processing obvious aspects. Because of the fluctuation of wind, random, intermittence and the instability of wind power, selecting the approximation of the wavelet analysis model can also be.
Wavelet transform is the local transform of a time (t) and frequency (w), which can effectively extract information from the signal, and the multi scale analysis can be carried on for the function or the signal by translation and dilation. For any function f (t), the discrete wavelet transforms function:
Discrete wavelet coefficient:
In 1989 Mallat proposed the concepts of multiresolution analysis, presented to explain the mathematical orthogonal wavelet from the function analysis, obtained the fast algorithm of wavelet transform, the signal f (t) is orthogonally projected to the two spatial resolutions; according to the resolution m the discrete approximation signal A m and detail signal D m are obtained. With the increase of m, realize the level decomposition of signal. The decomposition process is as shown in Fig. (14) .
Least Square Estimation Theory
Linear model
among them, y 1 , y 2 !!! y N for the observed data, and the independent variables x i1 , x i2 !!! x in are known, ! 1 ,! 2 """ ! n ! 1 ,! 2 """ ! n are the special parameter estimation, ei is zero mean error not associated, that type can be written as a matrix form:
Or write to Y = X ! + e
Wavelet Decomposition Process
In the inside of the Matlab 96 data of PA on May 10th is carried on two layers of wavelet decomposition, one low-frequency components ca2 and two high frequency components cd1 and cd2 are obtained, which are extracted and drawn the low-frequency components and all of highfrequency components waveforms, so as to the reconstructed signal is obtained, and through the process comparing the original signal and the reconstructed signal, the error is finally obtained. The program is established as follows:
96 data of PA on May 10th is carried on two layers of wavelet decomposition, one low-frequency components ca2 and two high frequency components cd1 and cd2 are obtained, which are extracted and drawn the low-frequency components and all of high-frequency components waveforms. The fitting curves and the actual curves of 96 points can be obtained after running the program, and the fitting coefficient. It is shown as the following Fig. (15) , respectively the fitting curves of 5 days before PA and the fitting curves and the fitting coefficients of the first day PB, PC, PD, P58 are as shown in the diagram below:
The fitting coefficients obtained by Matlab fitting are listed in the following Table 3 :
In the case of PA, draw the 28 fitting curves of PA as in 
Error Analysis
Taking PA 2006-5-23 as an example, the comparison between the forecast values and the actual values: t=0, y=210.2515; the actual value of 208.2188; t=1, y=201.7483; the actual value of 229.125; t=2, y=193.573; the actual value of 229.125; t=3, y=185.7205; the actual value is 187.875. Error = (predictive value -the actual value) / actual value, the error obtained is less than 15%, compliance with the requirements of the title for the model error.
COMPARED ADVANTAGES OF THREE KINDS OF MODELS
(1) ARMA neural network model is a short-term prediction model with a relatively high degree of precision; it is suitable for various types of time series. And it is a flexible prediction model; the applicability of statistical methods can be used for a series of model test in the process of modeling, to constantly adjust the numbers order of the model, till to achieve satisfactory results. ARMA model is used as the actual forecasting and can update prediction, observation and forthcoming values join the model in time, the model establishes again and makes the new predictions again, which play an important role in forecasting. Especially for the wind power forecasting, time series analysis can better capture the variation law of wind power and the ideal forecasting effect can be obtained. But this model is restricted, ARMA model identification is often needed more than 50 months or yearly history data, so the data collection needs to spend some time.
(2) The neural network model has the characteristics of distributed storage and parallel processing, fault tolerance and so on, which is very effective for solving complex problems and is ideal in the prediction precision for shortterm wind power prediction. But because BP neural network training results are abnormal sensitivity to the initial weight matrixes and threshold vectors, using MATLAB toolbox initialization the neural network, the initial weight matrixes and the threshold vectors are randomly generated, resulting in each run predictions are not the same and in serious impact on prediction research, and possibly in the network weights and threshold parameters optimization into the local minimum, the network generalization ability and adaptation ability is poor, even bring a halt and be unable to meet the accuracy requirements.
(3) The wavelet analysis can easily determine the characteristic of frequency domain and time domain location of the wavelet family. Because the wavelet transform is a time-frequency analysis, so it can also describe the signal characteristics of time and frequency. With the rapid development of computer technology, wavelet analysis has more and more obvious advantages with its good performance analysis and accurate analysis methods in the wind power forecast. However, wavelet analysis has certain requirements for analysis amount.
CONCLUSION
Through the analysis and the comparison of the three methods we recommend using the wavelet analysis to determine the real-time prediction model, and we recommend using neural network model for the recently predictions. In order to construct the real-time prediction of higher prediction accuracy, we recommend combining the wavelet neural with the network model. This model decomposes the original waveform by wavelet function in the different scales; the periodic components decomposed are predicted with the time series, the rest uses the neural network prediction, the signal sequences are reconstructed to obtain the predicted results of the complete wind power. Joined the differential evolution algorithm in neural network learning process, improve the speed of convergence and solve the local minimum problem, through the analysis and modeling it have proved that the combination algorithm can be targeted to the accurate prediction of wind power.
